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S
ENSORIMOTOR processing deficits in older persons result in mobility impairment and dependency. Previous research has focused on describing changes in the sensorimotor systems that occur with aging, including changes in visual perception and visual acuity. [1] [2] [3] The functional significance of the neuromechanical process of moving the eye and the modes of active eye-head coordination in older persons, however, has received relatively little attention.
The angular vestibulo-ocular reflex (AVOR) generates compensatory eye movements that nullify head angular velocity and fix the position of the eyes in space. Ideally, the gain of the AVOR (eye velocity/head velocity) is Ϫ1, 4 which indicates that eye velocity is equal and opposite head motion. Certain conditions of daily life in which objects and the body move together require suppression of the AVOR gain to prevent oscillopsia and maintain dynamic visual acuity. 5 Viewing the instrument panel in a car while traveling on a bumpy road, looking at objects in hand while reaching into an overhead cupboard, or searching for glasses in a purse while turning a corner, eg, all entail suppression of the AVOR. In effect, AVOR suppression allows the eyes and head to move in the same direction (the gain moves toward 0 as the absolute gain value decreases) to enable the individual to intentionally shift gaze.
Past work addressing AVOR suppression in humans has primarily involved younger subjects or comparisons between younger and older persons with unknown risks for falling. [6] [7] [8] Elders, in general, have difficulty suppressing the AVOR compared with younger subjects, [6] [7] [8] but the functional significance of this finding has not been described. The methodology used in previous investigations required subjects to be restrained in a sitting position, and this procedure prevents the generalization of findings to motor behaviors such as activities of daily living (ADLs).
Some evidence suggests that deficits in AVOR suppression might contribute to the risk of falling and serious fall-related injury because motion of the world is not correctly perceived with respect to the head. Di Fabio et al 9 reported that subjects classified as high risk for falls had exaggerated AVOR responses that overcompensated for head pitch during a stand-walk task and could not effectively attenuate AVOR gain. The ability to appropriately modulate AVOR gain, therefore, might be an important underlying factor that contributes to fall risk.
In theory, 2 primary mechanisms interact to suppress the AVOR: visual feedback (a pursuit mechanism 10 ) and nonvisual mechanisms that rely on central suppression of the AVOR through efference copy of an internal representation of the head motion signal. 11 Nonvisual AVOR suppression is supported by early research 12 showing that subjects viewing imaginary headfixed targets could reduce AVOR gain to approximately . 35 . The findings in a series of studies reviewed by Barnes, 10 however, support the role of visual feedback in suppressing the AVOR by showing that optimum suppression was dependent on image position (stimulating the central fovea vs the periph-eral retina) and target velocity error information (the mismatch between target velocity and eye tracking velocity). Demer 6 provided further support for a visual feedback influence on AVOR suppression by showing that suppression while viewing a real head-fixed target was greater than suppression while "viewing" an imaginary target moving with the head.
The relative contributions of visual feedback and nonvisual mechanisms to AVOR suppression depend on the task dynamics (amplitude of gaze shift), context (viewing real or imagined targets), target frame of reference (head vs earth fixed), and environmental conditions (ie, lighting). Recordings from single vestibular neurons in monkeys suggest that the attenuation of the AVOR gain is dependent on the amplitude of the gaze shift (eg, more gain attenuation with larger gaze shifts). 13 The gazeshift strategy used to visually explore the environment, therefore, can influence the amount of AVOR suppression.
Normal viewing of earth-fixed targets in the environment enhances the AVOR gain, whereas looking at targets that move with the head tend to suppress the AVOR. 7 When subjects attempt to view earth-fixed targets through translucent lenses (by remembering the location of the target while attempting to fixate on it), however, the AVOR gain is suppressed. 14 Das et al 14 explained this finding by proposing that subjects shifted their perspective during "featureless viewing" and essentially perceived the target frame of reference as head fixed. This finding has implications for older persons who often have deficits in visual acuity because the viewing perspective can demand a modulation of the AVOR gain that is difficult to produce with aging. 6 The purposes of our study were to evaluate the functional significance of eye-head coordination (expressed as instantaneous vertical AVOR gain) during postural perturbations and to determine the contribution of AVOR suppression to the prediction of fall history in community-dwelling elderly women. The use of translucent lenses to induce a subconscious shift of perspective to a head-fixed frame of reference when attempting to view a stationary, earth-fixed target (reported by Das 14 ) provides the basis for a unique experimental protocol to test AVOR suppression in freely moving subjects as they attempt to fixate on targets in the environment.
METHODS

Participants and Procedures
Women residing in assisted living facilities or senior apartments (independent living facilities) in the Minneapolis, MN, area were recruited through researcher-initiated seminars held in the commons areas of each facility. During the recruitment seminars, the research staff provided an overview of the study using a slide-show presentation. After that presentation, attendees were invited to sign up for a screening examination. This examination consisted of an interview to obtain health history and medication usage and to determine the number and severity of previous falls. We also assessed cognitive status (Mini-Mental State Examination 15 [MMSE]), blood pressure with postural changes (ie, during a stand-from-sitting activity), visual acuity using a standard Snellen eye chart, height, weight, and self-selected walk speed. The speed of walking was measured by using an 8-ft walk test. 16, 17 Tape was placed on the floor delineating the 8-ft distance. Subjects began walking 2ft before the first tape mark and continued 2ft beyond the second tape mark. Each subject was given the command to "look straight ahead and walk at your normal pace until I say stop," and we emphasized that the test was not a race. Two walking trials were obtained, and the walk speed was averaged for subsequent data analysis.
Subjects were paid $5 if they participated in the screening examination whether or not they were eligible to continue in the study. If subjects passed the screening examination (described later), they were invited to enroll in the study and complete 2 sessions of eye-body motion data collection lasting approximately 1 1 ⁄2 hours on 2 subsequent days. The honorarium for completing these 2 sessions was $25. Screenings and eye-body motion data collection were done by the principal investigator (RPD) and the project staff along with the assistance of 6 physical therapy graduate students. Subjects completed the screening and data collection sessions while wearing low-heeled shoes and street clothes.
The volunteer sample was restricted to women because previous work has shown that older women have the highest risk of falling. 18 All subjects provided written informed consent, and the protocol for the project was approved by the University of Minnesota institutional review board. To pass the screening examination, each participant was required to show an ability to walk independently for short distances, have a visual acuity of at least 20/70, and be cognitively intact (MMSE score Ͼ23). 15 Subjects were excluded from the study if they declined to be tested after the screening examination or had a severe, acute, or chronic health condition that would prohibit safe, independent performance of ADLs (eg, uncontrolled seizure disorder; unstable angina; severe cardiovascular or chronic obstructive pulmonary disease; severe neurologic disease, eg, stroke with hemiplegia, Parkinson's disease with frequent medication change, vertigo requiring medication; inflammatory disease of the lower extremity; musculoskeletal injury to the lower extremity within the past 3mo; severe arthritis; artificial limbs). Based on these criteria, 8 women were excluded (2 subjects declined to be tested, 3 subjects did not have adequate visual acuity, 3 subjects after the screening examination sustained injuries unrelated to the research protocol and could not be scheduled for testing). Thirtyeight women were enrolled in the study and completed a test of functional abilities 19 during the first testing session after the screening examination.
Model Development
Theory derived from eye movement research was used in conjunction with a selected analysis of the literature to identify sets of risk factors that formed significant predictors of fall history. The steps summarized later outline the analytic process of developing the models.
Identifying risk factors for falling. Our review of literature produced a list of 8 fall risk factors and 2 demographic variables relevant to community-dwelling older persons (table  1) . 9, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The presence of each risk factor and demographic variable was recorded during interviews with the subjects at the time of the initial screening examination. The prevalence of each risk factor in our subject sample is summarized in table 2. The physiologic variable of interest was a measure of eye-head coordination (instantaneous vertical AVOR gain).
Measuring Instantaneous Vertical AVOR Gain and Functional Level
Procedures. Eye movements were recorded by using standard electro-oculography (EOG) with Ag-AgCl surface electrodes 4mm in diameter. After cleansing the skin with 70% isopropyl alcohol, 1 pair of electrodes was placed at the outer canti of both eyes. A second pair was vertically aligned above and below subject's left eye. Ground electrodes were located on the middle of subject's forehead. All electrodes were fixed to the skin by using tensive conductive adhesive gel.
a This electrode configuration measured horizontal and vertical eye motion with respect to the head, 28 but vertical eye motion is the primary variable of interest here. Eye movements were calibrated after each subject closed their front teeth on a disposable wooden bite bar to stabilize In a case-control design matching high-and low-risk elderly subjects on the basis of age, living status, and category of residence, highrisk subjects did not suppress the AVOR gain during a stand walk task.
Continuous
Abbreviations: BMI, body mass index; SD, standard deviation; OR, odds ratio; CI, confidence interval. * All dichotomous variables except for type of residence and living status were coded 0 when the risk factor was not present and 1 when the factor was present. Residence in assisted living was coded 1, independent living 2; living alone 1, and with someone 2. † Higher scores correspond with better functional ability. ‡ Decrease in the absolute value of the AVOR gain during postural perturbation. AVOR gains approaching 0 reflect AVOR suppression and allow subjects to direct gaze independently of vestibular reflexes.
the head. Fast saccadic eye movements in 1-to 2-second intervals were evaluated for the calibration by asking the subject to shift gaze between 2 targets placed 100cm in front of the subject with vertical spacing corresponding to 35°up or down. 29 The calibration coefficient was derived from the ratio of the calibration angle and the mean amplitude of the saccade. 30, 31 The EOG electrodes were connected to a small (15ϫ10cm) preamplifier box b that was held by a researcher immediately adjacent to the subject. The eye position signals were preamplified with a gain of 5K and filtered with a .05-Hz, high-pass analog filter to remove baseline drift. Signals were further processed with a band-pass filter (30-Hz upper limit) in a receiver module cabled to the preamplifier box approximately 15ft from the subject.
Each subject wore a firmly fitted headband with a 6 degreeof-freedom electromagnetic sensor c mounted at the top of the band. To measure the velocity of postural perturbation and in view of previous findings that trunk motion can evoke eye responses by a cervico-ocular reflex, 32 a second sensor was fixed to the back of the subject at the level of the first thoracic spinous process by using 2-sided adhesive tape. An electromagnetic transmitter was located approximately 75cm behind the subject on a nonmetallic frame. The alignment reference frame of the head and trunk sensors were relative to this transmitter (which was fixed in space).
The data from the electromagnetic sensors were acquired through a Pentium 400MHz portable computer communications port at 57,600 bits per second. EOG data were acquired through a multifunction data acquisition input/output card with a 12-bit resolution (AI-16-E-4) d at a rate of 120Hz to avoid signal aliasing. Data sampling for the electromagnetic sensors was at 60Hz per channel, and these data were parsed with EOG recordings by using LabView data acquisition software.
d The aggregate data set (EOG plus head and trunk position) was reprocessed by using a zero phase shift Butterworth digital low-pass filter with a 30-Hz cutoff frequency e to preserve a .05 to 30-Hz bandwidth (the minimum recommended by Juhola 33 for all data channels).
Blinks and saccades in the EOG recordings were replaced by interpolating values constructed from the data before and after the occurrence of the artifact to eliminate nonlinearity caused by motion of the eyelids. 34 The interpolation was based on a cubic spline. 35 The researchers deleting EOG artifacts interactively were blind to the classification of each subject as high or low fall risk. A saccade was defined as any period of velocity greater than 25°/s. All data were filtered to include amplitudes within a previously reported linear range of vertical eye movement recording (Ϯ30, see Young and Sheena 36 ). In addition, the linearity of the EOG recordings were verified by an "autorotation" test in which each subject actively nodded her head up and down while fixating on a visual target placed 33 and 414cm from the subject's forehead (the procedure produced AVOR median gains ϽϪ.75, approaching Ϫ1.00). All data (head, trunk, eye) were resampled to a common frequency of 60Hz after artifacts and saccades were removed from the eye motion recordings.
Stance perturbation and visual conditions. A force transient in the form of a manually applied nudge from behind the subject perturbed body posture so that head pitch occurred upward while trunk pitch moved downward. One researcher placed both hands approximately 3cm from the subject's scapulae, flexed his fingers, and induced the perturbation by rapidly extending the fingers on the scapulae. A variable period (randomly timed nudges within the interval of approximately 0.5-2s) was used to reduce anticipation of the perturbations. Displacement data from the trunk sensor in the forward pitch direction was differentiated to obtain the velocity of trunk bending. The minimum perturbation speed acceptable for analysis was .23°/s. Testers applying the perturbations were not aware of the number or type of risk factors recorded for each subject. For safety reasons, a belt was worn by each subject to provide a grab surface for researchers standing nearby in case the subject began to fall. Otherwise, the subjects were entirely free to move in any direction. All subjects were tested while wearing their glasses.
Subjects were instructed to look straight ahead during the perturbation at either a near visual target in the form of a letter "C" (33cm, arial font, 4.4 point size), far "C" (414cm, arial font, 61.6 point size), or nonspecific target (open room). Translucent goggles were used as a fourth visual condition to eval- uate the loss of specific visual feedback and to facilitate viewing imaginary targets as head fixed. 14 Defining AVOR suppression. Instantaneous AVOR gain was assessed by plotting vertical eye velocity against head pitch velocity. 9, 37 The slope of the line of best fit derived from this scatter plot was used as the predictor variable reflecting eye-head coordination. AVOR suppression was defined as a continuous phenomenon based on the sign and magnitude of the AVOR gain. As the gain moved negative, less AVOR suppression occurred because the eyes moved opposite to the head in a reflex pattern dominated by the AVOR. Conversely, as gain moved toward 0 or became positive, suppression of the AVOR dominated eye-head coordination because the eyes and head tended to move in the same direction.
Functional level. The ability to complete selected ADLs was tested by using the Fast Evaluation for Mobility, Balance and Fear 19 (FEMBAF). This instrument has components related to health history, self-report of effort level and fear while performing ADLs, and a therapist rating of task completion (ordinal scale with 3 levels: 1, unable to initiate task; 2, required assistance or partially initiated task; 3, independent). Only the task completion component was used in the present study. The tasks included standing from a chair, bending over to pick up an object from the floor, and stepping over a foam pad. The mean chance-corrected percentage of agreement between raters on the FEMBAF was equal to .96Ϯ.12 (standard deviation) for the task completion section. 19 Di Fabio and Seay 19 reported that the relative risk of falling is 2.7 over the next 12 months if task completion score is less than or equal to 45/54. Six raters (physical therapy graduate students supervised by a licensed physical therapist) who were trained to complete the FEMBAF rotated the assessment of the subjects (1 rater/session).
Fall History as the Target Variable
A history of falling has been consistently documented as a risk factor for having future falls. 23, 25, 38 For older persons with just 1 noninjurious fall, the risk of long-term admission to a nursing home is 3.1 times greater than elders with no fall history. 23 We, therefore, selected fall history as the target variable to determine if AVOR suppression and other measures of function and fall risk could distinguish between fallers and nonfallers. A fall was defined as a person's trunk, knee, or hand unintentionally coming to rest on the ground or some lower level (below the waist). This meant that losing balance and coming to rest on a stair was considered a fall, but catching the body with hands on the kitchen counter was not a fall. 20, 23, 24 Fall history over the past 12 months was obtained during the initial interview with each participant. Previous work has shown that self-report of fall history in community-dwelling elders has good to excellent reliability. 18 Cummings et al 38 reported that failure to recall falls was related to MMSE scores below 27. The range of MMSE scores in our study was 25 to 30, and only 4 subjects (11%) scored between 25 and 27 points. The recall of falls, therefore, was presumed to be good based on the high cognitive function of our sample.
Identifying a Minimal Set of Predictor Variables
The prevalence of sustaining an injury with a previous fall was low in our cohort (nϭ1) and potentially confounded the 1-year fall history so this risk factor was dropped from the models predicting fall history. The 7 remaining risk factors were coupled with the 2 demographic variables (living status, type of residence) and the physiologic variable (instantaneous AVOR gain, table 1) to yield a total of 10 factors potentially related to falls and fall risk. The analysis of these risk factors in an "all possible" regression model used all continuous variables without regard to previously established cutpoints (see table 1, col 4). This calculation was done to reduce bias related to arbitrary cutpoints and to produce a more precise expression of the continuous predictor variables.
The "all possible" regression model f used all possible combinations of independent variables to predict the 1-year history of falling. Identifying the ideal set of regressor (independent) variables involved finding the minimal set of factors that yielded the strongest model for fall-history prediction. The "all possible" regression analysis produced 2 outcome measures that are used to identify the ideal set of regressors. R 2 is the ratio of the variation explained by the model to the total variation in the dependent variable. It varies from 0 to 1, and larger values indicate better prediction. The square root of the mean square error term (root MSE) reflects increasing prediction quality as this value decreases. Both R 2 and root MSE are plotted against the number of factors in the model to identify a plateau (the point where the addition of factors does not markedly improve prediction accuracy).
The minimal set of variables identified in the "all possible" regression model was then entered into a multiple regression analysis to identify the complete prediction model (slope coefficients, intercepts, partial R 2 ) for each minimal set of predictors corresponding to each experimental condition. The independent variables were screened for colinearity by examining the eigenvalues of the centered correlations for the correlation matrix of independent variables. Eigenvalues approaching 0 indicate colinearity among the predictor variables, and we used a cutpoint of eigenvalues Յ.05 as the criterion to identify colinearity in our models.
Fall-History Classification
To isolate and further evaluate the association of AVOR gain with the presence or absence of previous falls, a logistic regression model was used to predict fall history 1 year before the study. Fall history was the dichotomous dependent variable, and the independent continuous variable was instantaneous AVOR gain. Sensitivity, specificity, and likelihood ratios were predicted from the logistic model. The prediction equation generated from the logistic regression model was also used to determine the cutpoint for AVOR gain suppression (described in the Results section). Once this cutpoint was established, AVOR gain was converted to a dichotomous variable, and the actual sensitivity, specificity, and likelihood ratios were calculated for descriptive comparisons with the predicted values. An odds ratio (OR) was also calculated from this contingency table.
RESULTS
AVOR Gain Contribution to Predicting History of Falls
After velocity and amplitude filtering for valid vertical eye motion recordings, the subjects in the present study generated 94 trials that were acceptable for statistical analysis. Although AVOR gain was used as a continuous variable in the regression analyses described later, a description of the number of trials according to the amount of vestibular reflex suppression in 3 categories (suppressed gain Ͼ0, nonsuppressed gain ϽϪ.75, partially suppressed gain ϾϪ.75 and Ͻ0) is provided in figure  1 . The descriptive statistics for instantaneous vertical AVOR gain by visual condition are summarized in table 3. The goggles and nonspecific visual conditions showed the greatest suppression (gains most closely approaching 0).
The number of variables generating the minimal set of regressors for each visual condition were identified by the R 2 and root MSE plateaus in figure 2 . The minimal sets that formed ideal predictors of fall history varied from 4 to 6 variables depending on the visual condition. The specific variables in each minimal set are summarized in table 4. The predictors of 1-year fall history common to all minimal sets were instantaneous AVOR gain and sedative use. The coefficients of determination (R 2 ) for the minimal sets with the highest predictive value varied from .47 to .62 and indicated substantial shared variance with the 1-year history of falling.
Multiple linear regression confirmed that each minimal set of predictors formed a statistically significant prediction model (with the exception of the far condition, table 5). We found no evidence of colinearity among the predictor variables (all eigenvalues Ͼ.05). When all other factors in the models were held constant (controlled), AVOR gain was a significant predictor of fall history in the goggles and near visual conditions (partial R 2 ϭ.29, .25, respectively). The negative slope of the regression coefficient for AVOR gain in both of these conditions indicated that in the presence of fall history (dummy codes incremented from 0 to 1), AVOR gain became stronger (moved toward Ϫ1.00). This finding indicates that the AVOR was not markedly suppressed in older women with a history of falling, whereas AVOR suppression was active in elders with no history of falls. The relatively small magnitude of the regression coefficients (approaching 0) for AVOR gain in the far and nonspecific conditions suggested that the gain during postural perturbations did not vary appreciably with fall history in these particular conditions.
Fall History Classification
Logistic regression of AVOR gain as a continuous variable to predict the presence or absence of previous falls was statistically significant for only the goggles condition (table 6) . This model correctly classified subjects to fall history categories with 60% sensitivity, 85% specificity, and a likelihood ratio of 4.00. The negative slope of the logistic regression coefficient for AVOR gain in the goggles condition (Ϫ1.86) indicated that with previous falls (dummy codes incremented from 0 to 1 for this analysis), AVOR gain became stronger (moved toward Ϫ1.00). These results showed that AVOR gain was not markedly suppressed in older persons with a previous history of falling.
The cutpoint for AVOR gain in the logistic model that identified fallers versus nonfallers was Ϫ.55. Values indicating gain suppression were distributed toward 0 from this cutpoint. When near-zero values were entered into the linear prediction equation (table 6) , the output approximated 0, which was the dummy code for nonfallers. By using the cutpoint of Ϫ.55, a 2ϫ2 contingency table was formed (fall history ϫ AVOR suppression) and revealed the actual sensitivity (60%), specificity (92%), and likelihood ratio (7.5). All actual values would have been identical to the predicted values, but rounding the cutpoint increased the actual specificity by adding 1 subject to the specificity ratio (see table 6 ). The change in specificity, in turn, altered the likelihood ratio (sensitivity/1 Ϫ specificity 
DISCUSSION
The strong association between 1-year fall history, the use of sedatives, and changes in the AVOR gain, particularly in the translucent goggles condition (see tables 4, 5) , supports a functional link between AVOR suppression and effective balance in elderly women. The relatively accurate prediction of previous fall history (see table 6) confirms the importance of eye-head coordination as an underlying mechanism contributing to fall risk. Elderly women who failed to suppress the AVOR gain were 18 times more likely to have experienced a fall in the past year compared with elderly women who showed AVOR suppression in the goggles condition.
Suppression of the AVOR becomes prominent in humans around 3 weeks of age. 39 It is known that the aging process alters the ability of older persons to inhibit reflex eye movements compared with younger subjects, 6, 8, 40 but previous experiments were not designed to determine the functional significance of these changes. For example, studies by Demer 6 and Baloh et al 8 found that nonimpaired older persons had less effective fixation suppression of the horizontal or vertical AVOR by real and imaginary head-fixed targets compared with younger subjects. Risk factors that predispose some elders to falls or other mobility deficits (ie, low body mass, use of multiple medications; see Leipzig et al 25, 26 and Tinetti et al 18 ), however, were never evaluated or analyzed in the context of these suppression "deficits." In addition, previous studies on humans and lower primates addressing AVOR suppression have used methodologies that restrained the subject's head or trunk during testing 6, 8, 39, [41] [42] [43] [44] [45] [46] or assessed primarily younger subjects (Ͻ65y), 47 and, therefore, have limited relevance to unrestrained motor behaviors in the elderly. The effects of sedatives in general are not limited to leg muscle control, 48 and this category of medications can alter eye-head coordination. The finding of AVOR gain and sedative use as strong predictors of fall history suggests a relationship between these variables that might account for the lack of vestibular reflex suppression in high-risk elderly women. Sedatives reduce peak saccade velocity as well as smooth pursuit gain, 49 and these effects are probably potentiated in older individuals. 50, 51 If sedative use depresses saccadic eye movements and voluntary eye tracking mechanisms, it is reasonable to assume that this class of medications may also change the subject's ability to suppress AVOR gain. Our results show that high-risk elderly women have difficulty canceling the slow phase component of AVOR gain (saccades were removed from the eye recordings). It is possible that sedative-induced reductions of quick eye movement velocity during gaze shifts (a mechanism that also requires transient suppression of the slow phase AVOR gain) further disrupts the subject's ability to direct gaze independently of head rotation. Sedative use, therefore, might enhance instantaneous AVOR gain by depressing AVOR cancellation mechanisms.
During natural behaviors, the AVOR and smooth pursuit systems act together to create a visual-vestibular interaction that controls eye movements on a moment-to-moment basis. 7, 10 Suppression or cancellation of the AVOR is necessary to direct gaze independently of head rotation. It is thought that the ability to suppress the AVOR is related to visual pursuit mechanisms. 5, 41, 52, 53 Some nonvisual or predictive mechanisms, however, can also influence the suppression of the AVOR. Predictive and nonvisual AVOR suppression mechanisms are important because they function to overcome time delays in visuomotor processing, 41, 42 but the existence and function of these mechanisms are not universally accepted. Robinson 11 proposed that the mechanism for AVOR suppression relied on efference copy of a preprogrammed signal used to drive the head and neck musculature during active head motion. This model uses central set theory to establish a centrally meditated predictive mechanism to control AVOR suppression with context-specific anticipatory responses. 12 If suppression of the AVOR is related to nonvisual mechanisms, then this phenomenon might be dependent on higherlevel cortical functions to provide the neural substrate for anticipatory ocular responses. In experiments in which patients with diffuse cortical lesions fixate on a real or imagined target moving with the head during sinusoidal rotation about a vertical axis, the horizontal AVOR could not be suppressed during rotation toward the lesioned side. 43, 44 These findings suggest that the cerebral cortex has a nonvisual influence on AVOR suppression. (See reviews by Fukushima 54 and Collins and Barnes. 42 )
Limitations of the present study included the use of fallhistory recall (a retrospective determination of the target variable) and the loss of trial data because of EOG filtering requirements. The goal of our study, however, was to examine the relative importance of eye-head coordination as a factor underlying fall risk. Findings of the present study, irrespective of its limitations, have provided evidence to support the initiation of prospective research that addresses AVOR suppression and falls in community-dwelling elderly women.
CONCLUSIONS
AVOR suppression is an important aspect of eye-head coordination that allows the eyes and head to move smoothly in the same direction so that visual acuity can be maintained during ADLs that involve head-trunk turning or vertical gaze. The functional significance of suppression deficits in older persons, however, has not been resolved by previous work because of the limitations in methodologies used to evaluate this phenomenon and the absence of descriptive information about fall risk factors and mobility impairments. Our findings highlight the functional significance of AVOR suppression by establishing a strong association between fall history and changes in AVOR gain during postural perturbations. † Not reported when model test is not statistically significant. ‡ Number of trials in denominator does not equal the number of participants because some trials did not meet the a priori electro-oculography filter requirements stated in the text and were deleted from analysis. § Sensitivity identifies the percentage of fallers who failed to suppress AVOR gain. Specificity identifies the percentage of nonfallers who suppressed AVOR gain. Actual was not equal to predicted because rounding the cutpoint added 1 subject to the numerator of the actual specificity ratio.
